The present study compared children's and adults' identification and discrimination of declarative questions and statements on the basis of terminal cues alone. Children (8-11 years, n ¼ 41) and adults (n ¼ 21) judged utterances as statements or questions from sentences with natural statement and question endings and with manipulated endings that featured intermediate fundamental frequency (F 0 ) values. The same adults and a different sample of children (n ¼ 22) were also tested on their discrimination of the utterances. Children's judgments shifted more gradually across categories than those of adults, but their category boundaries were comparable. In the discrimination task, adults found cross-boundary comparisons more salient than within-boundary comparisons. Adults' performance on the identification and discrimination tasks is consistent with but not definitive regarding categorical perception of statements and questions. Children, by contrast, discriminated the cross-boundary comparisons no better than other comparisons. The findings indicate age-related sharpening in the perception of statements and questions based on terminal F 0 cues and the gradual emergence of distinct perceptual categories.
I. INTRODUCTION
Prosody in speech encompasses rhythm, stress, and intonation (pitch variation). It conveys information about a speaker's emotional state (Banse and Scherer, 1996; Scherer, 1986) , sincere or ironic intentions (Kreuz and Glucksberg, 1989; Pexman and Glenwright, 2007) , focus of interest (Tom bought a car vs Tom bought a car), and sentence type (e.g., statement vs question). The present study was concerned with sentence type, specifically with child and adult listeners' ability to differentiate questions from statements solely on the basis of terminal cues in fundamental frequency (F 0 ).
Aside from word order, the principal cue to English yes/no questions, as evidenced in perception and production studies, is rising terminal intonation, in contrast to falling terminal intonation for statements (Cruttenden, 1981; Gårding and Abramson, 1965; Eady and Cooper, 1986; Studdert-Kennedy and Hadding, 1973) . Young children's questions often lack the characteristic terminal pitch rise (Patel and Grigos, 2006; Snow 1994 Snow , 1998 Snow , 2001 , which makes them difficult to differentiate from statements on the basis of prosodic cues alone (Patel and Brayton, 2009 ). In one study, five-year-old children had difficulty with the differentiation of natural statements from declarative questions, an ability that showed progressive improvement until about nine years of age, when adult levels were achieved (Saindon et al., 2016) . It is unclear whether children used pre-terminal as well as terminal F 0 cues to facilitate their differentiation.
In addition to the terminal cues that distinguish declarative questions from statements, pre-terminal cues and nonmelodic prosodic cues, which vary across languages, are also available (Face, 2005; Fal e and Faria, 2006; Heeren et al., 2015; Haan, 2000, 2002; Van Heuven and Van Zanten, 2005; Vion and Colas, 2006) . In fact, a gating task with word-length increments revealed that pre-terminal cues enable English-speaking adults to differentiate naturally produced declarative questions from statements after hearing the first word (Saindon et al., 2017) . English-speaking children could also do so for child-directed utterances. In general, children and adults were more accurate on child-than on adult-directed utterances, children younger than 10 performed poorly compared to adults, but even seven-year-olds made use of pre-terminal cues to identify questions and statements. Similar gating tasks have revealed that adult listeners also identify Dutch questions from pre-terminal cues when terminal cues are unavailable (Van Heuven and Haan, 2002) .
Forcing listeners to rely on terminal cues alone can provide information about how specific cues are used to differentiate questions from statements, and whether listeners' judgments shift gradually with increasing F 0 difference or abruptly after a certain criterion or threshold value. In other words, are the intonation patterns underlying questions and statements perceived categorically or continuously? Others have addressed this issue with Dutch (Van Heuven and Kirsner, 2004; Remijsen and Van Heuven, 2003) but not English speech, which differs from Dutch in stress patterning (e.g., Cutler, 2005) .
In general, categorical perception is established by demonstrating that discrimination of stimuli along various acoustic continua (e.g., /ba/ to /pa/) is considerably more difficult when the two stimuli are from the same category (e.g., different examples of /ba/) than from different categories (e.g., /ba/ and /pa/), even when the magnitude of differences (e.g., voice-onset time) is identical for within-and betweencategory comparisons (e.g., Liberman et al., 1957) . When the discrimination peak and labeling threshold converge, perception is considered to be categorical. There is mixed evidence for categorical perception of level and rising tones by speakers of tonal languages (Abramson, 1979; Francis et al., 2003; Hall e et al., 2004; Wang, 1976; Xu et al., 2006) , and for categorical perception of intonation in non-tonal languages. The contrast between normal and emphatic stress in English is labeled but not perceived categorically (Ladd and Morton, 1997) . In Swedish, emotional prosody is thought to be perceived categorically (Laukka, 2005) . For English (Hutchins et al., 2010) and German (Meister et al., 2009) , there are suggestions of a sharp statement-question boundary, which is also consistent with categorical perception. However, research with Dutch, a language that is similar to English and German in many respects, has revealed an intermediate category between statements and questions (Van Heuven and Kirsner, 2004; Remijsen and Van Heuven, 2003) .
The principal goal of the present study was to compare children's and adults' identification and discrimination of declarative questions and statements on the basis of terminal pitch cues alone. Natural-sounding utterances were obtained by using naturally produced questions and statements and electronically altering the terminal contours. In the identification task, participants were required to judge utterances with electronically manipulated terminal F 0 as statements or questions. In the discrimination task, participants were required to judge whether two utterances were the same or different. Utterances that differed were adjacent in terms of steps on a continuum of electronically altered terminal F 0 values. Because young school-age children are less sensitive than adults to the cues that distinguish natural declarative questions from statements (Saindon et al., 2016 (Saindon et al., , 2017 , they were expected to require larger terminal pitch contrasts to make such distinctions. In addition, children might exhibit a more gradual shift from statement to question labeling.
II. METHOD A. Participants
Participants were 21 college students (14 females, 7 males; M ¼ 21.29 years, SD ¼ 4.05) and 63 children between 8 and 11 years of age (31 females, 32 males, M ¼ 9.56 years, SD ¼ 0.88). Adults were born in Canada or living in Canada before 8 years of age and had normal hearing, according to self-report. Children were born in Canada and had normal hearing and development, according to parental report. Because participation in the identification and discrimination tasks was too taxing for the children, 41 children were tested in the identification task and another 22 children were tested in the discrimination task. The two groups of children did not differ in age (t (61) 
An additional eight children were tested in the identification task but excluded because of their failure to identify natural (i.e., unaltered) questions above chance levels (16 or fewer correct out of 24, n ¼ 7) or parent-reported developmental delay (n ¼ 1). In the discrimination task, three additional children were tested but excluded because of failure to complete the test session. Adults received partial course credit for participation and children received a small gift.
B. Apparatus and stimuli
The stimuli were audio recordings of question and statement versions of each of four utterances ("The cat ran away," "She lost her shoes," "He's in the car," "He's watching TV") produced by a 27-year-old woman who was a native speaker of Canadian English. Because of our focus on terminal cues, she was instructed to maintain relatively constant loudness and speaking rate and relatively level F 0 until the terminal F 0 contour. The sentences were recorded in a sound-attenuating chamber with a tube microphone (Apex 460) connected directly to a MacBook Pro (OS 10.7). A digital audio editor was used to divide each utterance into a stem (entire utterance except for the final two syllables) and ending (final two syllables). The amplitude of each sound clip was normalized to 75 dB sound pressure level (SPL), and syllable durations were equalized across statement and question versions of each utterance. Specifically, a portion of the elongated vowels in question endings was removed by means of Sound Forge 10.0 (Sony Creative Software) so that final syllable durations of question and statement versions of each sentence were equivalent. Sample stimuli are available in supplementary materials 1 and ToBI transcriptions of the utterances can be found in Table I (Beckman and Hirschberg, 1994 ).
An examination of natural utterance endings revealed that the terminal F 0 contours of questions and statements featured a final syllable with initially falling F 0 followed by rising F 0 . The F 0 range of the entire set of question utterances, including the boundary tone, was 167-398 Hz (M ¼ 225 Hz) and the corresponding range of the entire set of statements was 163-317 Hz (M ¼ 216 Hz). For natural statement endings, F 0 fell initially by a substantial amount (M ¼ 6.5 semitones), then rose much less (M ¼ 1.5 semitones), with the falling portion being of longer duration (M ¼ 305 ms) than the rising portion (M ¼ 165 ms). For natural question endings, F 0 fell very modestly (M ¼ 0.5 semitones), then rose substantially (M ¼ 12.5 semitones), with the falling portion being considerably shorter in duration (M ¼ 105 ms) than the rising portion (M ¼ 352 ms). In other words, statements and questions contrasted in the location, extent, and duration of the rising and falling portions, even though statement endings were primarily falling and question endings were primarily rising.
Manipulations of the final syllable alone resulted in unnatural-sounding utterances. Examination of the penultimate syllable of the natural utterances revealed falling F 0 levels that were more pronounced for questions (M ¼ 4.1 semitones) than for statements (M ¼ 2.3 semitones). Thus, we manipulated the contour of the two final syllables to ensure that the utterances sounded natural (as in Hutchins et al., 2010) .
Sentence endings were analyzed by means of PRAAT (Boersma and Weenink, 2014) to reveal the F 0 contour with a series of time points separated by intervals of 0.01 s. Points not deemed crucial to the contour were deleted using the "close copy stylization" method (Nooteboom, 1997) . New points were then created so that the statement and question versions had F 0 points at the same temporal locations. For example, after the deletion of superfluous F 0 points, if the statement ending had an F 0 point at 0.84 s of the sample but the question ending for the same sentence did not, a new F 0 point was created at 0.84 s in the question ending. Subsequently, we calculated the difference in cents (1 semitone ¼ 100 cents) between the matching points of the question and statement versions of each sentence. This difference was divided into eight steps, and the resulting values were used to create modified intonation contours. The manipulations based on these values created intonation contours that shifted gradually from statement to question contours in steps of equal size.
Stimuli with the modified intonation contours were generated using the F 0 Synchronous Overlap Add (PSOLA) method in PRAAT. Because large F 0 manipulations can make utterances sound unnatural, the natural statement ending was used to create half of the stimuli (steps 1 through 4) and the natural question ending was used to create the other half (steps 5 through 8). Because amplitude and pacing were identical across the two versions and F 0 information is the most salient acoustic cue to questions and statements (e.g., Ma et al., 2010; Peng et al., 2009) , judgments were based on the intonation contours. Finally, to control for differences in prosodic cues that precede the penultimate syllable, two versions of each step were created, one using the question stem (the portion of the sentence prior to the penultimate syllable) and one using the statement stem. The resulting stimulus set consisted of 64 utterances (4 sentences Â 8 steps Â 2 stems). An example of the manipulations is shown in Fig. 1 .
Testing was conducted in a double-walled, soundattenuating chamber (Industrial Acoustics Corporation Co., Bronx, NY). A computer workstation and amplifier (Harmon-Kardon 3380, Stamford, CT) outside of the booth interfaced with a 17-in. (43.2 cm) touch-screen monitor (Elo LCD TouchSystems, Berwyn, PA) and two wall-mounted loudspeakers (Electro-Medical Instrument Co., Mississauga, ON) inside the booth. The touch-screen monitor was used to present instructions and record participants' responses. The loudspeakers were mounted at the corners of the sound booth, each located at a distance of 0.76 m and 45 azimuth from the participant, with the touch-screen monitor placed at the midpoint. An interactive computer program created with Affect4 software (Spruyt et al., 2010) presented the sentences and recorded responses via the touch-screen. All stimuli were played at a comfortable listening level of approximately 65 dB SPL. 
C. Procedure
Adults completed the identification and discrimination tasks in a single session. Different children were tested in the identification and discrimination tasks. The identification task began with a short familiarization phase during which listeners heard a sample question and statement (not from the stimulus set used in testing). In the subsequent test phase, each of the 64 stimulus sentences was presented three times in random order with the constraint that the same sentence content did not occur on successive trials. Adults and children were required to indicate for each sentence whether it was a question or statement, such that they made 192 (3 Â 64) responses in total.
The identification tasks for adults and children were nearly identical, but the children's task was modified to make it more entertaining. Specifically, the children's task was presented as a game in which the goal was to collect pieces of a puzzle (i.e., corresponding to different parts of an image that appeared on screen) that mirrored their progress toward task completion. A piece of the puzzle appeared after each set of 12 trials regardless of the children's responses, and 16 pieces completed the puzzle. In addition, a short belllike sound was presented after each response.
In the discrimination task, adult and child listeners heard two sentences that were identical or that differed by a single step and judged whether they were the same or different. The sentences were arranged in three types of pairs: same (1-1, 2-2, and so on), lower-higher step (AB; 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, and 7-8), and higher-lower step (BA; 2-1 to 8-7), resulting in a total of 22 pairs per sentence (8 same, 7 lower-higher, 7 higher-lower) and a grand total of 88 pairs. Each pair was presented twice, for a total of 176 trials. The discrimination task also began with a short familiarization phase in which listeners heard an example of a "same" and "different" pair (not from the test set).
III. RESULTS

A. Identification task
For each participant, we calculated the proportion of times stimuli were labeled as questions separately for each step and each stem, such that each participant had 16 scores. Preliminary analyses confirmed that the stem manipulation had no main effect and did not interact with age group or step, ps > 0.4. Consequently, stem was not considered further, and responses for stimuli with question and statement stems were combined in subsequent analyses, such that each participant had eight scores. A mixed-design analysis of variance (ANOVA) (Huynh-Feldt correction for violations of sphericity) with step (8 levels) as a repeated measure and age group (children or adults) as a between-subjects variable revealed a robust main effect of step, F(3.062, 183.746) ¼ 741.32, p < 0.001, partial g 2 ¼ 0.925, and an interaction between step and age group, F(3.062, 183.746) ¼ 3.78, p ¼ 0.011, partial g 2 ¼ 0.059. Descriptive statistics are illustrated in Fig. 2 . Follow-up tests of the interaction (equal variances not assumed) revealed that compared to children, adults were more consistent at labeling stimuli at step 6, p ¼ 0.015, step 7, p < 0.001, and step 8, p ¼ 0.002, as questions, and at labeling stimuli at step 2, p ¼ 0.021, and step 3, p ¼ 0.020, as statements. The age difference was marginal at step 1, p ¼ 0.071.
For each participant, we derived a new value that quantified how well defined their boundary was between statements and questions. Specifically, we used logistic regression to fit a logit curve to the participant's responses (0: statement or 1: question) as a function of step number. The resulting slopes varied such that a steep slope indicated a clear or sharp boundary, whereas a shallower slope indicated that listeners were less consistent in the step at which they switched from statement to question responses across trials. The average slope was steeper for adults (M ¼ 2.17, SD ¼ 1.01) than for
We then compared the location of the question/statement boundary in adults and children by calculating the point at which participants responded "question" for 50% or more of the trials (i.e., when the logit function of "question" responses crossed 0.5 on the y-axis). There were no agerelated differences in the location of the midpoint, p > 0.2. For adults and children, the average midpoints were 4.93 (SD ¼ 0.54), and 5.14 (SD ¼ 0.68), respectively. In sum, listeners in both age groups changed from "statement" to "question" responses at approximately step 5, but adults did so more consistently.
Acoustic analyses were conducted to examine the terminal intonation contour of steps 4 and 5 (i.e., the steps at which judgments shifted from statement to question). In step 4, the average F 0 fall-from the F 0 level at onset to the F 0 level at the lowest portion of the fall-was 2.9 semitones, occurring over the course of 193 ms, and the average terminal F 0 rise-from the lowest portion of the F 0 declination to the highest F 0 value at the final rising portion-was 4.9 semitones, occurring over 285 ms. In step 5, the average F 0 fall and rise were 1.8 semitones and 6.2 semitones, respectively, with corresponding durations of 176 and 289 ms.
We also calculated a "range of inconsistency" (corresponding roughly to "boundary width") for each participant, which represented the number of adjacent steps that were inconsistently labeled as statement or question. Because our sample included children, consistency was defined as a proportion of question responses 0.2 or less or 0.8 or more and inconsistency as a proportion of question responses greater than 0.2 but less than 0.8. As shown in Fig. 3 , the range of inconsistency varied as a function of age (children vs adults), which was documented with a 2 Â 4 chi-square test of independence with group (adults, children) and range of steps (0, 1, 2, 3 or more) treated as categorical variables, v 2 (3, N ¼ 62) ¼ 8.07, p ¼ 0.045, / ¼ 0.361. The mean range of inconsistency was 1.47 steps (SD ¼ 0.81) for adults and 2.00 (SD ¼ 0.84) for children.
B. Discrimination task
For the discrimination task, we calculated performance for each comparison (i.e., steps 1 and 2, steps 2 and 3, and so on) by subtracting the false-alarm rate, or identifying a "same" pair as "different," from the hit rate, or correctly identifying a "different" pair as "different." Perfect discrimination performance (hit rate ¼ 1.0, false-alarm rate ¼ 0) corresponded to a score of 1.0, whereas chance performance was 0. For each comparison (e.g., steps 1 and 2), false alarms were computed from "same" trials for both steps (i.e., steps 1 and 2). Thus, both hit and false-alarm rates were calculated from 16 trials.
A mixed-design ANOVA (Huynh-Feldt correction) with step-pair as a repeated measure and age group as a betweensubjects variable revealed a main effect of step-pair, F(5.634, 230.995) ¼ 5.86, p < 0.001, partial g 2 ¼ 0.125, and a main effect of age group, F(1, 41) ¼ 32.40, p < 0.001, partial g 2 ¼ 0.441. These main effects were qualified by an interaction between step-pair and age group, F(5.634, 230.995) ¼ 2.19, p ¼ 0.048, partial g 2 ¼ 0.051. As shown in Fig. 4 , adults' performance peaked at steps 4 and 5 in absolute terms, whereas children's performance peaked at steps 1 and 2. Follow-up repeated-measures ANOVAs examined the two age groups separately. Differences among step-pairs were evident for adults, F(6, 120) ¼ 5.71, p < 0.001, partial g 2 ¼ 0.222, and for children, F(6, 126) ¼ 2.81, p ¼ 0.013, partial g 2 ¼ 0.118, but the effect size was almost halved for children.
For adults, the so-called Haskins formula calculated from the identification data separately for each participant predicted that discrimination would be best for steps 4 and 5. The formula was P(c)
, where P(c) was the probability of correct discrimination, p 1 was the probability of assigning one stimulus to the "question" category, and p 2 was the probability of assigning the stimulus one step over to the "question" category (Cutting, 1982; Remijsen and Van Heuven, 2003; Van Heuven and Kirsner, 2004) . Considered together with findings that labeling a sentence as a question crossed the 0.5 threshold between steps 4 and 5, and that discrimination was best for comparisons of steps 4 and 5, the results are consistent with categorical perception of statements and questions. Additional planned comparisons confirmed that discrimination of steps 4 and 5 (M ¼ 0.52, SD ¼ 0.20) was better than discrimination of all other pairs (M ¼ 0.41, SD ¼ 22), t(20) ¼ 3.58, p ¼ 0.002, and better than discrimination of adjacent pairs: steps 3-4 and 5-6 (M ¼ 0.36, SD ¼ 22), t(20) ¼ 6.02, p < 0.001. Thus, even though adults found it difficult to discriminate between the terminal contours (the difference between hit and falsealarm rates across all sentence pairs was 42.2%), they provided evidence of categorical perception of terminal pitch. In other words, discrimination across the category boundary was easier than discrimination within categories.
Adults also exhibited individual differences in categorical perception. r ¼ À0.13, SD ¼ 0.38), t(19) ¼ 2.73, p ¼ 0.013, which suggests that perception was more categorical for some participants than for others.
In contrast to adults, children's discrimination peak occurred at steps 1 and 2 even though the Haskins formula predicted best discrimination at steps 4 and 5. Discrimination at steps 1 and 2 (M ¼ 0.23, SD ¼ 0.23) was significantly better than discrimination averaged for all other steps (M ¼ 0.11, SD ¼ 0.12), t(21) ¼ 2.91, p ¼ 0.008, and for discrimination of the adjacent pair (steps 2-3, M ¼ 0.11, SD ¼ 0.17), t(21) ¼ 2.99, p ¼ 0.007. In short, children's perception of statements and questions was less categorical than that of adults.
C. Discrimination task order effects
In the discrimination task, "different" trials had F 0 changes that went from smaller to larger (AB) and larger to smaller (BA). Previous work with Dutch speech revealed that adults are better at discriminating AB compared to BA stimuli (Remijsen and Van Heuven, 1999; Remijsen and Van Heuven, 2003) . To explore this possibility in the current dataset, we plotted hits and false alarms on AB and BA trials for adults and children (see Fig. 5 ). Average hits across step sizes were computed for both orders, and these averages were analyzed with a mixed-design ANOVA with order (AB, BA) as a repeated measure and age group (children, adults) as a between-subjects variable. There was a main effect of direction, F(1, 41) ¼ 46.95, p < 0.001, partial g 2 ¼ 0.534, and a main effect of age, F(1, 41) ¼ 6.08, p ¼ 0.018, partial g 2 ¼ 0.129, both of which were qualified by a significant two-way interaction, F(1, 41) ¼ 14.84, p < 0.001, partial g 2 ¼ 0.266. Follow-up tests revealed that both age groups showed an advantage for AB (low-to-high) comparisons, but this advantage was more pronounced for adults than for children.
IV. DISCUSSSION AND CONCLUSIONS
The principal goal of the present study was to compare children's and adults' identification of declarative questions and statements on the basis of terminal pitch contours. Also of interest was the possibility of better discrimination across the identified statement and question categories than within such categories. Because children are less sensitive than adults to the acoustic cues that distinguish questions from statements (Saindon et al., 2016 (Saindon et al., , 2017 , we expected children's and adults' perceptual boundary between statements and questions to differ in sharpness. Specifically, we expected children to transition more gradually than adults from one response category to another.
In fact, children shifted more gradually than adults from one category to another, reflecting their greater uncertainty about the distinctions between statements and questions, but the location of the category boundary was stable across age. Presumably, this reflects a broad similarity in adults' and children's criteria for statements and questions. Similarities such as these should enhance communication between children and adults. Children's uncertainty about questions and statements in the region of the category boundary is consistent with their lesser accuracy than adults in identifying questions from full, unaltered utterances (Saindon et al., 2016) and their considerably lesser skill in using preterminal cues to utterance type (Saindon et al., 2017) . Because children are more successful at identifying questions and statements in child-directed than in adult-directed utterances (Saindon et al., 2017) , the former featuring exaggerated prosodic cues (Foulkes et al., 2005; Jacobson et al., 1983) , it is possible that their identification functions for child-directed utterances would be steeper and more adultlike than those observed in the present study. Note, however, that children's perception of emotional prosody exhibits a very protracted course of development, with 13-yr-olds performing below adult levels (Aguert et al., 2013) .
Acoustic analyses revealed that children and adults were more likely to label utterances as statements when the terminal F 0 fall ranged from 6.3 to 2.9 semitones, and they were more likely to label utterances as questions when the terminal F 0 rise ranged from 6.2 to 12.4 semitones. It was not surprising that listeners identified utterances as questions when the terminal F 0 rise was six semitones. In two studies examining the perception of terminal pitch, adult listeners labeled a two-syllable word ("popcorn") as a question approximately 80% of the time when F 0 rose by six or more semitones over the course of the word (Chatterjee and Peng, 2008; Peng et al., 2009) . What was surprising in the present study was that children and adults identified utterances as statements when the terminal F 0 rose by as much as four semitones. Previous research has revealed inconsistencies in the magnitude of the terminal F 0 change required for English utterances to be identified as questions rather than statements. Although some authors suggest that terminal F 0 must fall for statements and rise for questions (Patel et al., 2005; Patel et al., 2008) , others suggest that terminal F 0 can be stable for statements and can rise by as little as two semitones for questions (Chatterjee and Peng, 2008; Peng et al., 2009) . One study found, however, that listeners labeled some utterances with rising contours as statements (Hutchins et al., 2010) .
Rising intonation contours are generally associated with yes/no questions, but they are also found in other utterance types, such as statements with patronizing or self-justifying intentions (Cruttenden, 1981) . In the present study, it is possible that utterances with a small rise were not perceived as traditional statements or questions but as an intermediate category. An intermediate category between question and statement has been documented in Dutch, and it signals the speaker's intention to continue (Van Heuven and Kirsner, 2002; Van Heuven and Kirsner, 2004) . Dutch and English, as Germanic languages, are closely related but they exhibit a number of differences including their stress patterns (Cutler, 2005) . If some utterances in the present study fell into a third category between statements and questions, notably those with modest rises in terminal pitch, listeners may have labeled them as statements because of uncertainty in the context of two unsuitable response choices. When labeling utterances as questions or statements, the default option is typically the statement response (e.g., Vion and Colas, 2006; Saindon et al., 2017) , which is reasonable in view of the greater incidence of statements. Future research addressing the issue of categorical perception of English statements and questions could provide a third response option-neither question or statement-as in previous research with Dutch (Van Heuven and Kirsner, 2004) .
Although the terminal F 0 of comparison stimuli differed by 1.7 semitones, mean performance (hits minus false alarms) across the seven pairs of stimuli was 42.2%. In the context of isolated tones, adults discriminate F 0 differences as small as 0.1 semitones (Micheyl et al., 2006; Olsho et al., 1982; Spiegel and Watson, 1984) . In the context of melodies, differences of a semitone are readily apparent in familiar melodies (Drayna et al., 2001; Warrier and Zatorre, 2002) and often in unfamiliar melodies as well. However, the relationship between adults' ability to discriminate pitch in vocal and nonvocal contexts is unclear. There is evidence that these skills are related (Moore et al., 2008) , but other evidence indicates better discrimination of F 0 differences with nonvocal than with vocal stimuli (Xu et al., 2006; Hutchins et al., 2010) .
The possibility of a third category was not assessed in the present study, but adults' performance on the discrimination and identification tasks provides modest support for the categorical perception hypothesis. Specifically, the boundary for statement/question identification and the discrimination peak occurred between the fourth and fifth steps, in line with the greater salience of F 0 cues that cross the boundary than those that do not. The discrimination peak was modest in magnitude, but it differed significantly from the discrimination of adjacent pairs (i.e., steps 3 vs 4 and 5 vs 6) as well as other pairs. Individual differences were also apparent in our finding of more robust categorical perception (i.e., greater consistency in identification and discrimination performance) in some adults than in others.
Children's performance on the discrimination task exceeded chance levels but was markedly worse than that of adults. Moreover, discrimination for utterance pairs that crossed the question/statement boundary (step 4 and 5) was no better than for pairs within each category. The implication is that age and experience sharpen category distinctiveness in various respects. Children's unexpected enhancement of discrimination between steps 1 and 2 may arise from their greater responsiveness to statements than to questions, which is consistent with their earlier production of falling cues to signal statements than rising cues to signal questions (Patel and Grigos, 2006; Snow, 1994 Snow, , 1998 Snow, , 2001 .
The order of stimulus presentation (low-to-high vs from high-to-low) influenced performance on the discrimination task. As in research with Dutch utterances (Remijsen and Van Heuven, 1999; Remijsen and Van Heuven, 2003) , listeners were better at detecting a difference with low-to-high (AB) than with high-to-low (BA) comparisons. Such differential discriminability has been linked to the concept of declination, in which lower tones presented after higher tones are perceived as equally prominent, as in the case of pitch accents (Pierrehumbert, 1979) , phrase boundaries (Ladd and Morton, 1997) , and phrase tones (Remijsen and Van Heuven, 2003) . Although children and adults in the present study exhibited this order effect on the discrimination task, the discrimination advantage for low-to-high comparisons was more pronounced for adults, which may reflect developmental changes in the declination bias.
Stimuli were created from a natural statement and natural question, with terminal F 0 adjusted to a common center point. The rationale for this manner of stimulus creation was to reduce undesirable artifacts arising from the use of a single natural utterance to create all terminal F 0 steps. One limitation of this method is that the boundary between steps 4 and 5 corresponds with the point at which the source utterance changed. This would have been especially problematic if all participants had identified step 4 and 5 as more discriminable than other single-step shifts, but that was not the case for children. Instead, children's performance on the discrimination task is consistent with our assumption that performance was driven by the perception of terminal F 0 and not by unintended consequences of the source utterances.
In sum, children and adults are able to identify statements and questions solely on the basis of terminal cues. When the terminal contours were altered electronically in successive steps with natural statements and questions as endpoints, the boundary between statement and question judgments was similar for children and adults, but the shift between response categories was more gradual for children. Considered together, the identification and discrimination results support the idea that questions and statements are categorized rather than perceived on a continuum of F 0 rise. Nevertheless, children's identification and discrimination performance was not aligned and were therefore inconsistent with the categorical perception hypothesis. The findings from children and adults confirm developmental changes in the use of terminal cues to identify questions and statements. It would be of interest to track improvements in general language ability that occur in parallel with improvements in the discrimination of intonation. Interestingly, children who produce more adult-like terminal pitch changes for questions and statements exhibit better reading skills than those whose productions are inconsistent (Miller and Schwanenflugel, 2006) . Moreover, children have difficulty identifying emotions in speech on the basis of prosody alone, especially when utterances have conflicting semantic content (Morton and Trehub, 2001) . Greater understanding of the use of terminal cues to identify sentence types could have implications for interventions with special populations such as cochlear implant users (Marx et al., 2015) , who experience difficulty with various aspects of prosody (Meister et al., 2009; Nakata et al., 2012) , as well as individuals with autism spectrum disorder (Filipe et al., 2014) and Parkinson's disease (Ma et al., 2010) .
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